The light-supported component of 36CI uptake from 5 mM K'6C1 by green laminae, either chopped or vacuum-infiltrated, of Triticum aestivum L. seedlings has been determined by subtraction of dark uptake values from light uptake values and the energy sources for the uptake elucidated on the basis of the effects of 3-(3,4-dichlorophenyl)-1,1 dimethylurea (DCMU), carbonyl cyanide p-trifluoromethoxyphenylhydrazone (FCCP), antimycin Al (AA), and N2 on light and dark uptake.
Does ion uptake in the light proceed by the operation of the same machinery as uptake in the dark? The question, although applicable to all green cells, arises with added emphasis in respect to those tissues which exhibit a light-enhanced uptake. Does this uptake result from an increase in a common fuel supply or is it attributable to the involvement of a distinct additional pump? Respiration and photosynthesis provide separate sources of energy in the green cell, but is the coupling of the exergonic reaction sequence to the uptake mechanism by means of a common intermediate such as ATP or is the energy from different sources tapped in different ways?
As regards Cl-uptake two possible mechanisms of energy coupling have been postulated; first, a direct coupling of uptake to the supply of phosphate bond energy in the form of ATP, and second, an uptake which is independent of the phosphorylative step but is coupled in some other way to energy released by the flow of electrons down the electron transport chain. Generally speaking, most investigations have shown one or the other of these mechanisms to function in Cl-uptake by plants. Elodea canadensis (4) , Limnophila gratioloides (14) , and Tradescantia albiflora (5) have been identified as belonging to the former group, and in the latter group several algal species occur, notably Nitella translucens (13) , Hydrodictyon africanum (17) , and Tolypella intricata (21) . The distinction however is not a phylogenetic one. Smith and West (22) found no evidence for an ATP-independent mechanism for Cl-uptake in Chara corallina, nor did Hope et al. (3) with Scenedesmus obliquus, nor Barber (1) with Chlorella pyrenoidosa. Luttge et al. (8) concluded that the light-stimulated Cl-uptake of Atriplex spongiosa was linked to electron flow or NADPH production. From a study of Cluptake by leaf cells of six terrestrial higher plants, Luttge et al. (7) then suggested that light-enhanced Cl-influx independent of ATP production was a feature of plants exhibiting the C4 photosynthetic pathway, whereas Ca plants gave evidence that ATP controlled their light-dependent Cl-uptake.
Wheat is a Ca plant which manifests a substantial light-enhanced Cl-uptake even in circumstances in which its photosynthetic capability is severely restricted (9) . We now report the results of inhibitor studies on Cl-uptake by wheat laminae from which it is concluded that uptake may be supported by energy from different sources transmitted by totally different pathways.
MATERIALS AND METHODS
Seeds of wheat Triticum aestivum L., cultivar Capelle were grown at room temperature for 7 days in darkness, in damp horticultural peat, and then were greened for 2 or 3 days before use for uptake studies. The terminal 50-mm piece of the first leaf was used either whole, after vacuum infiltration with H20, or chopped to give segments approximately 1.5 mm wide. Unless specifically stated (as in Table I ), chopped tissue was not vacuum infiltrated. Chloride uptake was followed from 5 mm K36Cl (pH 5.5) at 25 C over 24 hr in the dark and in the light (14,500 lux at flask level) as previously reported (10, 11) . Over this time uptake is linear with whole tissue but with chopped tissue it tends to become hyperbolic (11) . Linearity was maintained in the presence of inhibitors, with the exception of lethal combinations which bring about a cessation of uptake. Light-supported Cl-uptake was determined by subtracting the dark uptake from the light uptake (8) poration, London), were dissolved in absolute alcohol which was also added to the controls, the concentration of ethyl alcohol in all treatments being between 0.5 and 0.6% which was without effect on the tissue. Anaerobic conditions were achieved by gassing the appropriate flasks with C02-free N2 at the rate of 500 ml/min for 30 min. Some flasks had sealed into them a center well containing 10% KOH to remove all CO2 from the atmosphere. Photosynthetic gas exchange was determined as previously reported (9) . All ion uptake experiments were run on a minimum of four occasions. Each treatment was run in triplicate or quadruplicate and the means are reported, uptake values being expressed on a g fresh weight basis. The standard error for each treatment was within -10% of the mean value, and within ±5% of the appropriate control value. For the controls themselves, the standard error of the mean was generally within 3 %. RESULTS Effect of FCCP on Cl-Uptake. The control values for Cl-uptake in Table I show the usual pattern of events (11) . Whole laminae, neither chopped nor vacuum infiltrated, absorb much less Cl-than chopped tissue. Vacuum infiltration, like chopping, causes an increased uptake, but only in the light is vacuum infiltration completely effective in overcoming the problem of solute penetration. With chopped tissue FCCP is a very effective inhibitor of Cl-uptake in the dark but with whole tissue in the dark, although vacuum infiltration assists the penetration of the inhibitor, it is not as effective as chopping. This is in agreement with the view that only in the light does vacuum infiltration give similar results to chopping (11) . From Table I it is evident that a concentration of FCCP that almost completely inhibits Cl-uptake in the dark in chopped tissue, is quite ineffective in the light. Indeed the light-dependent uptake is enhanced in the presence of FCCP.
Effect of DCMU on Cl-Uptake. C1-uptake as a function of DCMU concentration was determined over 24 hr in the light and in the dark for both whole, vacuum-infiltrated laminae and chopped laminae, and the light-dependent uptake values were obtained by subtraction (Table II) . Inasmuch as chopped tissue uptake is partially sensitive to DCMU, a 5 AM concentration gives a 50% inhibition of the light-enhanced component without affecting the dark uptake. Higher concentrations may have a nonspecific effect, inhibiting respiration and dark uptake.
DCMU also inhibits light-enhanced Cl-uptake by vacuum infiltrated tissue which (with the exception of the lowest concentration tested) is as sensitive as, or more so than, chopped tissue. Because a fraction of the light-enhanced uptake in whole tissue may be attributable to stomatal opening, a restricting effect of DCMU on stomatal opening would increase its effect on light uptake.
Interaction of DCMU, AA, and FCCP on CL-Uptake. This experiment followed the same pattern as previously. All flasks contained ethanol between 0.5 and 0.6%. Only one concentration of each inhibitor is shown in Table III but experiments were carried out with lower concentrations of DCMU (1 ,uM) and AA (10 ,UM) when the pattern of inhibition was substantially the same.
Individually, DCMU and FCCP (Table III) gave the results  predicted from Tables I and II, AA/FCCP duced, the light-enhanced component was unaffected (Table  IV) . The interaction of N2 with the other inhibitors is also shown in Table IV . FCCP or AA, when present in anaerobic conditions, brought about a complete cessation of uptake. On the other hand N2 gave no additional inhibition with DCMU. Effect ofDCMU, FCCP, and AA on Photosynthetic and Respiratory Gas Exchange. As already reported (9) photosynthetic gas exchange is almost completely extinguished in vacuum-infiltrated tissue, and in chopped tissue it may also be reduced to 20% or less of the normal rate, depending on the width of the leaf section and the degree of water injection of the cut edge. In the experiments reported here, 1.5-mm sections were carefully cut and these yielded values for 02 evolution and CO2 fixation about 50 to 60% of that obtained from a 12.5-mm length of lamina (9) .
The effect of DCMU on 02 evolution and '4CO2 fixation by these slices is shown in Table V. The usual inhibition by 1 ,UM DCMU of approximately 90% was obtained. On the other hand, photosynthesis appears to be less sensitive to FCCP (6), a concentration of 10 uM inducing a 50% inhibition of '4CO2 fixation and 02 evolution (Table V) . AA was virtually without effect on 14CO2 fixation by wheat laminae, a 10 ,bM concentration giving 16% inhibition and 50 jAM giving 13% inhibition. This resistance of photosynthesis to AA has already been reported for Chlorella (23) . The ability of FCCP to stimulate 02 uptake of wheat laminae was compared with that of DNP when it was found that 10 ,UM FCCP gave a stimulation of 27% compared with 31% for 50 ,uM DNP.
DISCUSSION
The experiments were carried out using whole laminae which had been vacuum infiltrated, and laminae chopped in the conventional manner, both treatments being designed to overcome cuticular resistance to solute penetration. Both methods gave results which, although differing to some extent in the degree of inhibition recorded, support substantially similar conclusions. The most obvious difference is the effect of FCCP in the dark (Table I) (Table IV) but not to DCMU which is ineffective in the dark.
Turning to the energetic basis for ion absorption by wheat laminae, it is clear that Cl-uptake is supported by respiration in the dark and is increased by exposure to light. Although there is some evidence that phytochrome can act as a photoreceptor regulating potassium movement in leaf cells (19) , the light enhancement of ion uptake by green cells is not generally regarded as being associated with a phytochrome system (5, 8, 18) . The inhibition of light-enhanced uptake by DCMU points to photosynthesis or some partial reaction thereof as supplying the energy. Because the light stimulation is unaffected by the absence of C02, the uptake is not dependent on net photosynthesis, and so the energy must come from the photo-induced electron flow or its associated phosphorylation. The failure of the uncoupler FCCP to inhibit the light-promoted uptake at a 3 ,uM concentration, which obliterates dark uptake, suggests that ATP is not the link between uptake and the light reaction. Consistent with this is the finding that FCCP can actually increase the lightstimulated uptake (Table I) Although cyclic photophosphorylation is normally associated with cation uptake (12, 13, 16, 17, 20) it has been implicated in Cl-uptake in Elodea canadensis (4) 
